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(57)Abstract: 

PURPOSE: To form an interconnector in a part of an air 
electrode concurrently acting as a support tube, and let 
the air electrode and the inter connector be 
simultaneously molded. 

CONSTITUTION: The fuel cell 21 is in a structure where 
an inter connector 24 in a circular arc shape in cross 
section is formed in a definite width section in the longer ^ 
direction of an air electrode in a cylindrical shape in such 
a way as to form a part of a cylindrical body so as to be 
formed into a support tube 22, and a solid electrolyte 
layer 25 and a fuel cell are formed around the outer 
circumference of the support tube 22. Besides, as for the 
support tube 22, a slurry of air electrode material and a 
slurry of interconnector material are simultaneously 

extruded into a filament so as to be formed into the cylindrical body which has a band made of 
the interconnector material squeezed in the longer direction of the cylindrical air electrode 
material, and it is then integrally sintered so as to be manufactured. 
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SOLID ELECTROLYTIC FUEL CELL AND MANUFACTURING METHOD THEREOF 
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Inventor: Chikara Iwasawa et al. 
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[There are no amendments to this patent.] 

Claims 

1. A type of solid electrolytic fuel cell characterized by the following facts: 

the solid electrolytic fuel cell has an air electrode formed in cylindrical shape as the 
supporting tube, and it has a solid electrolyte layer and a fuel electrode formed on the outside of 
the supporting tube; in this solid electrolytic fuel cell, 

for said cylindrical supporting tube, in a prescribed width portion continuous in the 
longitudinal direction, instead of said air electrode, an interconnector having an arc-shaped 
cross-section is formed as a portion of the cylindrical body. 

2. A method for manufacturing a solid electrolytic fuel cell characterized by the 
following facts: a slurry prepared by blending resin grains or other pore-forming substance in the 
powder of the air electrode material and processing to have fluidity and a slurry prepared by 
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processing the powder of the interconnector material to have fluidity are simultaneously extruded 
and molded to form a cylindrical body having the ribbon of the interconnector material inserted 
in the longitudinal direction of the cylindrical air electrode material; the cylindrical body is 
monolithically sintered to form a supporting tube; on the outside of the supporting tube, a solid 
electrolyte layer is formed; then, on the outside of the solid electrolyte layer, a fuel electrode is 
formed. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention pertains to a type of solid electrolytic fuel cell prepared by having 
an air electrode formed in cylindrical shape as the supporting tube, and forming a solid 
electrolyte layer and a fuel electrode on its outer periphery. 

[0002] 
Prior art 

As shown in Figures 3 and 4, solid electrolytic fuel cell (1) in the prior art has the 
following constitution: on the outer periphery of supporting tube (2) prepared from porous 
calcia-stabilized zirconium (CSZ) formed in cylindrical shape, air electrode (3) made of 
perovskite-type lanthanum base oxide is formed. On the outer periphery of said air electrode (3), 
solid electrolyte layer (4) made of oxygen ion-permeable yttria-stabilized zirconium (YSZ) or the 
like is formed. Then, on the outer periphery of solid electrolyte layer (4), fuel electrode (5) made 
mainly of nickel or the like is formed, and, at the same time, in the portion of air electrode (3) 
that is exposed as said solid electrolyte layer (4) and fuel electrode (5) are partially unformed, 
interconnector (6) is formed in contact with said air electrode (3). In solid electrolytic fuel cell 
(1) formed in cylindrical shape, an electrochemical reaction takes place in solid electrolyte layer 
(4) between the air and fuel gas flowing along said air electrode (3) and fuel electrode (5), 
respectively, and an electromotive force is generated. 

[0003] 

In said cylindrical solid electrolytic fuel cell (1) in the prior art, in order to have a 
sufficient strength, supporting tube (2) made of calcia-stabilized zirconia (CSZ) is used. 
However, because this supporting tube (2) is a structural member instead of a member for 
obtaining the electromotive force, it should be formed as thin as possible so as to reduce the 
weight. 



[0004] 

Figures 5 and 6 illustrate solid electrolytic fuel cell (11) that also acts as a supporting tube 
in cylindrical shape for increasing the rigidity. As porous cylindrical air electrode (13) is formed 
thick, the rigidity is increased. On the outer periphery of this cylindrical air electrode (13), solid 
electrolyte layer (14) is formed. On the outside of said solid electrolyte layer (14), fuel electrode 
(15) is formed, and, at the same time, a portion of the outer peripheral surface of air electrode 
(13) is exposed with said solid electrolyte layer (14) and fuel electrode (15) partially unformed 
here. In this exposed portion, interconnector (16) is formed in contact with air electrode (15). 

[0005] 

Problems to be solved by the invention 

Consequently, for said solid electrolytic fuel cell (1 1) of the prior art, because the 
calcia-stabilized zirconia (CSZ) supporting tube is not needed, the weight can be reduced 
correspondingly. However, in this manufacturing method, just as in the case of the fuel cell using 
a dedicated supporting tube in the prior art, for porous air electrode (13), interconnector (16) that 
cannot be sintered if the temperature is not higher than that for said air electrode (13), solid 
electrolyte layer (14) that is sintered at a temperature lower than that for interconnector (16), and 
fuel electrode (15) formed in thin film shape, because they have different sintering conditions, 
such as sintering temperature, sintering time, etc., and different thermal expansion coefficients, 
they cannot be sintered simultaneously. As a result, they have to be formed and sintered 
sequentially one layer at a time from the lowermost layer. Consequently, in order to form and 
sinter the various layers, the operation should be performed repeatedly. As a result, the porosity 
of porous air electrode (13) as the supporting tube becomes lower, and, when the various layers 
are sintered, thermal impact is applied repeatedly on the supporting tube of air electrode (13). 
When the interconnector, which has a poor sintering property, is sintered at a high temperature, 
drastic rise in temperature leads to a high thermal impact. As a result, in the sintering operation, 
the supporting tube may be broken or the strength of the supporting tube may decrease. 

[0006] 

The purpose of the present invention is to solve the aforementioned problems of the prior 
art by providing a type of solid electrolytic fuel cell and its manufacturing method characterized 
by the fact that the solid electrolytic fuel cell can be made smaller and lighter, the number of the 
manufacturing steps can be reduced, and decrease in strength of the supporting tube can be 
prevented. 



[0007] 

Means to solve the problem 

In order to solve the aforementioned problem, the present invention provides a type of 
solid electrolytic fuel cell characterized by the following facts: the solid electrolytic fuel cell has 
an air electrode formed in cylindrical shape as the supporting tube, and it has a solid electrolyte 
layer and a fuel electrode formed on the outside of the supporting tube; in this solid electrolytic 
fuel cell, for said cylindrical supporting tube, in a prescribed width portion continuous in the 
longitudinal direction, instead of said air electrode, an interconnector having an arc-shaped 
cross-section is formed as a portion of the cylindrical body. 

[0008] 

Also, the present invention provides a method for manufacturing a solid electrolytic fuel 
cell characterized by the following facts: a slurry prepared by blending resin grains or other 
pore- forming substance in the powder of the air electrode material and processing to have 
fluidity and a slurry prepared by processing the powder of the interconnector material to have 
fluidity are simultaneously extruded and molded to form a cylindrical body having the ribbon of 
the interconnector material inserted in the longitudinal direction of the cylindrical air electrode 
material; the cylindrical body is monolithically sintered to form a supporting tube; on the outside 
of the supporting tube, a solid electrolyte layer is formed; then, on the outside of the solid 
electrolyte layer, a fuel electrode is formed. 

[0009] 
Operation 

For the solid electrolytic fuel cell of the present invention with the aforementioned 
constitution, because the air electrode also acts as the supporting tube, there is no need to use a 
dedicated supporting tube, so that the weight can be reduced accordingly. Also, the 
interconnector is formed as a portion of the cylindrical supporting tube and integrated with the 
air electrode. Consequently, compared with the prior art, because the interconnector is not 
formed by laminating, the diameter of each cell can be reduced and the size can be decreased 
correspondingly. 

[0010] 

Also, according to the manufacturing method of the present invention, by means of 
extrusion molding, it is possible to form the air electrode and the interconnector in a single step 
of operation, and it is possible to sinter the air electrode and interconnector simultaneously. As a 
result, the number of steps in the manufacturing operation can be reduced. Also, because the air 



electrode and interconnector are sintered simultaneously, there is no sintering of the 
interconnector with a high thermal load applied on the air electrode, and decrease in the strength 
of the air electrode that also acts as the supporting tube can be prevented. 

[0011] 

Application examples 

In the following, the present invention will be explained in more detail with reference to 
an application example illustrated in Figures 1 and 2. 

[0012] 

Figures 1 and 2 illustrate an application example of the solid electrolytic fuel cell of the 
present invention. This solid electrolytic fuel cell (21) is composed of the following parts: 
supporting tube (22) formed in cylindrical shape from air electrode (23) having a nearly 
C-shaped cross-section and interconnector (24) in arc shape and connecting the two ends of said 
nearly C-shaped cross-section, solid electrolyte layer (25) that is formed to cover the portion 
excluding the surface of said interconnector (24) on the outer periphery of said cylindrical 
supporting tube (22), and film-shaped fuel electrode (26) that is formed to cover the outer 
periphery of said solid electrolyte layer (25) in contact with said interconnector (24). 

[0013] 

. Said supporting tube (22) formed as porous air electrode (23) and interconnector (24) 
having a fine structure are integrated with each other, and they are monolithically sintered. In the 
manufacturing process, two types of slips, that is, the slip prepared by blending resin grains as 
the pore-forming material and a binder in the powder of perovskite-type lanthanum base oxide 
and processed to have fluidity, and a slip prepared by blending a binder in nickel powder and 
processing to have fluidity, are simultaneously extrusion-molded by means of an 
extrusion-molding machine. As a result, air electrode (23) having a C-shaped cross-section and 
having a portion of the cylindrical shape cut into a slit and interconnector (24) with an 
arc-shaped cross-section to bury the aforementioned notched portion of air electrode (23) 
constitute cylindrical supporting tube (22), and the tube is monolithically sintered. 

[0014] 

Also, for the air electrode material prepared by sintering porous air electrode (23), the 
powder of the air electrode material and the powder of the interconnector material, the grain size 
of the sintered interconnector material in sintered interconnector (24) with a fine structure is 
about 1/10 that of grain size of said air electrode material. As a result, it is possible to sinter air 
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electrode (23) and interconnector (24) simultaneously. That is, it is possible to sinter air electrode 

(23) and interconnector (24) at nearly the same temperature and for the same time. 

[0015] 

Because they can be sintered simultaneously, the grain size of the interconnector material 
can be adjusted to be smaller than that of the air electrode material, the sintering temperature of 
the interconnector material can be lowered, and the sintering time can be shortened. As a result, 
when it is sintered simultaneously with the air electrode material, the structure of interconnector 

(24) can be sintered finely enough, while there is no degradation in the porosity of porous air 
electrode (23). 

[0016] 

After sintering of supporting tube (22), on the outer peripheral surface of supporting tube 
(22), except that portion of the surface of interconnector (24), a slurry made of the powder of 
yttria-stabilized zirconia (YSZ) with oxygen gas permeability is coated on the entire surface of 
air electrode (23), followed by sintering. Then, on the surface of said sintered solid electrolyte 
layer (25), a slurry made of the slurry composed mainly of nickel or the like is coated with a thin 
film, followed by sintering to form fuel electrode (26). As a result, cylindrical solid electrolytic 
fuel cell (21) is completed. 

[0017] 

In the following, an explanation will be given regarding the operation of the 
aforementioned application example. 

[0018] 

For solid electrolytic fuel cell (21) manufactured in the aforementioned process, air is 
made to flow in the hollow portion in contact with air electrode (23), and, at the same time, the 
fuel gas is made to flow in contact with fuel electrode (26) on the outer periphery. As a result, 
the oxygen gas in the air flowing in contact with the surface of porous air electrode (23) becomes 
ions, and the ions pass from said air electrode (23) through solid electrolyte layer (25) to reach 
the side of fuel electrode (26). Then, an electrochemical reaction takes place between the oxygen 
ions and hydrogen gas in the fuel gas flowing in contact with fuel electrode (26), and an 
electromotive force is generated in said solid electrolytic fuel cell (21). 
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[0019] 

At the operation temperature (about 1000°C) of said fuel cell (21), air electrode (23), 
interconnector (24), solid electrolyte layer (25) and fuel electrode (26) each produce thermal 
expansion. Interconnector (24) and air electrode (23), which have large differences in the thermal 
expansion coefficient from each other, are monolithically formed in the circumferential direction 
of cylindrical supporting tube (22), and, at the same time, solid electrolyte layer (25) and fuel 
electrode (26) are formed not in contact with interconnector (24). Consequently, a leeway for the 
difference in the thermal expansion coefficient can be guaranteed, and it is possible to prevent 
damages and other problems caused by increase in the thermal stress of fuel cell (21). 

[0020] 

Consequently, for solid electrolytic fuel cell (21) in this application example, as there is 
no need to use a dedicated supporting tube, the weight can be reduced accordingly. Also, it is 
possible to prevent damages due to differences in the thermal expansion coefficient in the 
operation. Also, in this manufacturing method, it is possible to reduce the steps of operation, that 
is, the step of formation of the interconnector and the step of sintering, which were two 
independent steps in the prior art. At the same time, it is possible to relax the thermal impact to 
the supporting tube in manufacturing. 

[0021] 

In the aforementioned application example, on the outer periphery of supporting tube 
(22), when solid electrolyte layer (25 A) and fuel electrode (26) are formed, slurry made of a 
powder of the solid electrolyte material and slurry of the powder of the fuel electrode material 
are coated. That is, the so-called slurry method is adopted. However, one may also adopt the 
following plasma spraying method, in which instead of coating and sintering the slurry, the 
surface of air electrode (23) and the surface of solid electrolyte layer (25) are subjected to plasma 
flame spraying of the corresponding materials, respectively, or the vapor phase method, in which 
the material is irradiated with a laser beam or an electron beam to vaporize it to form a film. 

[0022] 

Effects of the invention 

As explained in the above, according to the present invention it is possible to reduce the 
size and weight of the solid electrolytic fuel cell. When plural said fuel cells are set side-by-side 
and in series, the power generated from unit volume can be increased significantly. Also, the 
structure can absorb the difference in the thermal expansion coefficient between the 
interconnector and the air electrode, so that it is possible to prevent damages due to difference in 
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the thermal expansion coefficient. Also, because there is no need to have a dedicated supporting 
tube, the cost can be cut. 

[0023] 

According to the manufacturing method of the present invention, it is possible to relax 
the thermal impact in the manufacturing process, and it is possible to prevent decrease in the 
strength of the product. Also, it is possible to reduce the number of the steps of the 
manufacturing operation, and to cut the cost. 

Brief description of the figures 

Figure 1 is an oblique view illustrating the supporting tube of the solid electrolytic fuel 
cell in an application example of the present invention. 

Figure 2 is an oblique view illustrating the solid electrolytic fuel cell in this application 
example. 

Figure 3 is an oblique view illustrating the solid electrolytic fuel cell having a dedicated 
supporting tube in the prior art. 

Figure 4 is an enlarged cross-sectional view of the solid electrolytic fuel cell in the prior 
art shown in Figure 3. 

Figure 5 is an oblique view illustrating the solid electrolytic fuel cell without the 
dedicated supporting tube in the prior art. 

Figure 6 is an enlarged cross-sectional view of the solid electrolytic fuel cell in the prior 
art shown in Figure 5. 

Brief explanation of part numbers 

21 Solid electrolytic fuel cell 

22 Supporting tube 

23 Air electrode 

24 Interconnector 

25 Solid electrolyte layer 

26 Fuel electrode 
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Figure 1 



Key: 22 Supporting tube 

23 Air electrode 

24 Interconnector 




" : »tt m 



Figure 2 



Key: 21 
25 
26 



Key: A 
B 



Solid electrolytic fuel cell 
Solid electrolyte layer 
Fuel electrode 




Air 

Fuel gas 
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Figure 6 



